Prior data associating the expression of lymphocytespecific protein tyrosine kinase (LCK) with type 1 diabetes, its critical function in lymphocytes, and the linkage of the region to diabetes in the nonobese diabetic (NOD) mouse model make LCK a premier candidate for a susceptibility gene. Resequencing of LCK in 32 individuals detected seven single nucleotide polymorphisms (SNPs) with allele frequencies >3%, including four common SNPs previously reported. These and six other SNPs from dbSNP were genotyped in a twostage strategy using 2,430 families and were all shown not to be significantly associated with type 1 diabetes. We conclude that a major role for the common LCK polymorphisms in type 1 diabetes is unlikely. However, we cannot rule out the possibility of there being a causal variant outside the exonic, intronic, and untranslated regions studied.
T ype 1 diabetes is believed to arise from the specific autoimmune destruction of the insulinproducing islet cells of the pancreas by autoreactive T-cells. The disease is mediated by the interaction of many genes and environmental factors (1) . To date three genetic loci have been confirmed, the HLA region (chromosome 6p21), the insulin gene region (chromosome 11p15), and CTLA4 (chromosome 2q33) (2, 3) .
In the NOD mouse model of type 1 diabetes, the susceptibility region Idd9.1 on chromosome 4 includes the lymphocyte-specific protein tyrosine kinase gene (LCK). LCK has been associated with T-cell proliferative hyporesponsiveness in NOD mice. Reduced recruitment of CD4-associated LCK to the T-cell receptor complex results in deficient coupling of the T-cell receptor complex to downstream signaling events (4) . It has also been reported by Nervi et al. (5) that hyporesponsiveness of T-cells in patients with type 1 diabetes correlates with reduced levels of LCK in resting T-cells. In addition, Nervi et al. (6) found no association between LCK polymorphisms and protein level in type 1 diabetic patients. However, as the authors acknowledged, this study was statistically underpowered to detect the weak or moderate genetic associations expected in a common multifactorial disease such as type 1 diabetes and the estimates of protein levels had wide CIs. Human LCK is located on chromosome 1p35 (Ensembl 15.33.1: sequence AL121991.50.1.61515). It has 13 exons and two promoters with different 5Ј untranslated regions (UTRs) active at different stages of T-cell development. The LCK proximal promoter is only active in thymocytes, whereas the distal promoter is active at all stages of T-cell development (7) . The long form of LCK (ENST00000328410) includes the distal promoter and has an untranslated exon 1 with a first intronic interval of 22,953 bp (exon 1-2), whereas the short form includes the proximal promoter (Fig. 1) . Translation of both forms start at the first ATG codon in exon 2. A putative untranslated exon 1Ј in the short form of LCK (ENST0000033070) is supported by a single cDNA sequence (BC013200) derived from lymphoma tissue. However, further homology searches against dbEST (http://www.ncbi.nlm.nih.gov/dbEST) did not find any additional matches that would support exon 1Ј in nonlymphoma tissues.
In this study, we investigated whether there is statistical support for a type 1 diabetes locus associated with the common LCK polymorphisms, using a large family collection. LCK was resequenced in 32 U.K. Caucasian individuals with type 1 diabetes, including all the exons (1-13), the short introns (2-8 and 10 -12), 4 kb of sequence 5Ј of exon 1 (including the distal promoter), 2 kb of sequence 5Ј of exon 2 (including the proximal promoter and the putative exon 1Ј), and 2 kb of sequence 3Ј of exon 13, including the 3Ј UTR (Fig. 1) . Our resequencing included all of the single nucleotide polymorphism (SNP) locations reported by Nervi et al. (6) . By using a sequencing panel of 32 affected individuals, we had an 88% probability of detecting SNPs with minor allele frequencies of 3.3 and 96% probability of detecting minor alleles of 5% frequency.
Resequencing detected the four common SNPs identified in the previous report (6), SNPs 1, 7, 9, and 30 (Table  1) . We also detected two SNPs (5 and 22), previously observed to be rare (ϳ1%), at a frequency Ͼ3% in our panel and an additional novel SNP at a frequency Ͼ3% (SNP 35). Two further novel variants, SNPs 36 and 37, were found at frequencies of ϳ1.5%.
We did not, however, detect the remaining 28 previously reported rare polymorphisms (6) in our sequencing panel of 32 individuals. Therefore, we resequenced four regions in a panel of 96 additional individuals with type 1 diabetes to increase our power to identify rare SNPs (85% probability of detecting SNPs with minor allele frequencies of 1%) and to confirm the allele frequencies of the rare novel SNPs 36 and 37. The first region (ϳ1.8 kb) encompassed exons 3, 4, 5, 6, 7, and 8 (including introns) and, hence, included the previously reported locations of the rare exonic SNPs observed in the study by Nervi et al. (6) and SNP 22, which had already been observed in our panel of 32 individuals. The second region (525 bp) included all five of the rare 3Ј SNPs seen in the previous study and the common SNP 30 (3Ј UTR), whereas the third region included SNP 37 and the fourth region included SNP 36.
In the first region (ϳ1.8 kb), the sequencing of 96 additional individuals did not detect any of the rare exonic SNPs previously reported, but we were able to detect a new rare SNP in exon 7, SNP 38, which causes a Gly to Ser, nonsynonymous, nonconservative amino-acid coding change. However, the low minor allele frequency of 0.56% for SNP 38 was considered too low to obtain a reliable result for disease association in our current family collection. The intronic SNP 22 was detected in the panel of 96 individuals (2.78%) at a frequency similar to that seen in the panel of 32 individuals (3.13%).
In the second region (525 bp), we were able to detect the rare SNP 31 at the same minor allele frequency (0.56%) as previously reported (6). We were also able to detect the 3Ј UTR SNP 30 at a frequency similar to that previously reported (ϳ10%). However, we did not detect the remaining three rare SNPs in this region. The failure to detect 11 of the 12 rare SNPs in these two regions, 8 of which had been reported in patients with type 1 diabetes, may result from differing allele frequencies between our U.K. panel and the French panel used by Nervi et al. (6) . In the third region, which included SNP 37, we detected two further novel SNPs, 39 and 40, both at minor allele frequencies of 0.56% in our panel of 96 individuals. The fourth region confirmed the allele frequency of SNP 36, but did not detect any further rare SNPs (Table 1) .
A two-stage genotyping strategy was used for this study, incorporating the concept of stopping for futility after the first stage. Therefore, SNPs were only genotyped in stage 2 if results from stage 1 offered the possibility of a significant overall result (8) . Stage 1 comprises 722 multiplex families (454 U.K. and 268 U.S.; providing 1,340 parentchild trios) who were genotyped and tested for association using the transmission-disequilibrium test (9 (Table 2 ). Association was then tested for these two SNPs in the entire family collection (stages 1 and 2 combined), using a significance target of P ϭ 0.001. As we used a two-stage genotyping strategy, the P values from the association tests using the combined data of stages 1 and 2 should be corrected for the possibility of stopping for futility after the first stage. Since a positive result must survive two statistical tests, the P values are reduced by the correction (8) . The results for SNP 7 (uncorrected P ϭ 0.54, corrected P ϭ 0.15) and SNP 30 (uncorrected P ϭ 0.24, corrected P ϭ 0.10), together with the stage 1 results, show no evidence of association for the seven SNPs genotyped (Table 2 ).
We cannot exclude the possible effects of long-range gene expression regulatory elements, which might lie outside the areas resequenced in our study. To address this issue, we used the National Center for Biotechnology Information (NCBI) database (Build 117) to identify 53 dbSNPs in a 60-kb region containing LCK, between dbSNPs rs747020 (5Ј) and rs7543692 (3Ј), on chromosome 1 (http://www.ncbi.nlm.nih.gov). Ten of these dbSNPs are in the resequenced regions, of which only SNPs 1 (rs2291063) and 30 (rs1042546) were detected in our study. This low concordance (20%), combined with the number of dbSNPs (24 in the large introns and the 19 in the extreme 5Ј and 3Ј regions), would make genotyping all of these SNPs inefficient. However, the region does contain seven SNPs published as part of the International HapMap Project, and six of these were polymorphic, with minor allele frequencies Ն3% in a panel of 30 trios (http://www.hapmap.org). These six SNPs, rs747020 (5Ј), rs3795428 (5Ј), rs669538 (5Ј), rs6425795 (intron 1), rs1004420 (intron 1), and rs695161 (intron 9), were genotyped in stage 1 families and tested for association. All six SNPs have stage 1 transmissiondisequilibrium test P values Ͼ0.20 and were, therefore, not genotyped in stage 2 families ( Table 2) .
None of the 13 SNPs genotyped in this study show association, suggesting that, for the samples and gene regions studied here, it is unlikely that common variants of LCK have a significant role in susceptibility to type 1 diabetes. When a more comprehensive SNP map becomes available, it will, however, be possible to test the alternative hypothesis, which suggests that a distant regulatory variant of LCK exists and modifies type 1 diabetes susceptibility. 
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